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(57) Abstract 

An artificial pancreas system which mini- 
mizes the volume of the artificial pancreas by not 
encapsulating each islet (15) is taught wherein the 
islets (15) are separated and held within a polymer- 
ic matrix (14) which is soluble in an aqueous solu- 
tion below body temperature but insoluble in aque- 
ous solution at or above body temperature. The po- 
lymer-islet mixture is contained in a biocompatible 
membrane pouch (10) having access means such as 
entry and exit ports (31, 32). The solubility makes it 
possible to replace the contents of the pouch (10) 
by solubiiizing the matrix (14) simply by lowering 
the temperature below the LCST. The pouch (10) is 
permeable to insulin and other substances of simi- 
lar or lesser molecular weight but is impermeable to 
cellular and humoral components of the body im- 
mune system. 
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IMPLANTABLE AND REFILLABLE BIOHYBRID ARTIFICIAL PANCREAS 

5 

This invention relates to a rechargeable 
islet /polymer matrix system for use in the treatment of 
Insulin Dependent Diabetes Mellitus. More particularly, 
this invention relates to a rechargeable system 

10 comprising pancreatic islets suspended in a 
thermosensitive polymer matrix which is water soluble at~ 
lower temperatures but solidifies to a gel at body 
temperature contained within a rechargeable membrane 
pouch permeable to insulin but impermeable to 

15 immunosubstances such as immunoglobulins, antibodies and 
the like. 

Background of the Invention and State of the Art 
Diabetes Mellitus is one of the most prevalent 

20 causes of death by disease in the United States, 
outranked only by cardiovascular and neoplastic 
diseases. See Buchwald, Insulin Replacement: Bionic and 
Natural , Trans. Am. Artif. Inter. Organ, 33:675(1984), 
and Report of the National Diabetes Advisory Board, NIH 

25 Pub. No. 87-137 (1987) . Diabetes is also the leading 
cause of blindness, kidney related diseases, 
neurological disorders, cardiovascular diseases, and 
non-accidental amputation of limbs. See Skylar, 
Complication of diabetes mellitus: Relationship to 

30 metabolic disfunction . Diabetes Care, 2:499 (1979); 
Frier et al . , Does hypoglycemia aggravate the 
complication of diabetes? Lancet, 11:1175 (1985); and 
Pirart, Diabetes mellitus ..and its degenerative 
complications, a prospective study of 4400 patients 

35 observed between 1947 and 1973 , Diabetes Me tab., 3:173 
(1977) . Good metabolic control of blood glucose has 
been the goal of diabetic treatment since the discovery 
of insulin in 1921 by Banting and Best but has been 
unobtainable for most diabetic patients. Despite 
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improved treatments using daily insulin injections the 
majority of insulin dependent patients never maintain 
the metabolic control necessary for avoiding long-term 
complications. 

5 Alternative approaches to treat Type I Diabetes 

Mellitus (to replace daily insulin injections) have been 
investigated to achieve homeostatic blood glucose 
levels. The principal concept is to design a 
biofeedback system in which insulin is released in 
10 response to glucose concentrations. At least three 
approaches thus far have been studied. One is a 
computer-aided insulin pump with an implanted glucose 
sensor such as described by Selam et al . , Devices for 
insulin administration , Diabetes Care, 13:955 (1990). 
15 Another is a glycosylated insulin-bound Concanavalin A 
system in which glycosylated insulin is released in 
response to blood glucose levels as described by 
Brownlee et al., A glucose -control! .d ^o„n. n dft1l - wry 
system: Semisyntheti r insulin how. to , 1pf , Mri science 
20 206:1190 (1979); Kim et al . , A_ Ji elf^recn^^ 

delivery sy stem, Edited by T. H. Lee and S. Baba 
Excerpta Medica, Amsterdam, (1990), pp. 25-32; and Pai 
6t al " Concanavalin A mi rr os D h P rp g for a oa> -, f _ 
regulating insulin delivery e^ roTn> Jm pharm ^ Science 
25 (1992), pp. 532-536. Still another approach is the use 
of immuno-protected islets by an artificial membrane 
such as reported by Col ton et al . , Mc^nalneering^n 
development of th « hy ^<* — i f j ri nl _ LLiIjLJ ^ u< j 
Biomech. Eng., 113:152 (1991). 
30 Artificial pancreas or other endocrine glands 

utilizing microencapsulation and/or semi -permeable 
membranes are disclosed in several U.S. Patents of which 
Sun et al., U.S. Patent 4,323,457; Lim, U.S. Patent 
4,391,909 and Loeb, U.S. Patent 4,378,016 are 
35 representative. The Sun et al . patent discloses an 
artificial endocrine pancreas for intravascular 
^plantation and is not rechargeable. The Lim patent 



teaches microencapsulation of tissue cells such as islet 
of Langerhans which are injected into the body and 
purportedly ingested after expiration of the cell life. 
The Loeb patent is drawn to an implantable artificial 
5 endocrine gland consisting of a hollow housing having 
inserted therein an envelope containing hormone 
producing cells, e.g. S-cells. The entire envelope is 
replaced by removal from the housing and there is no 
consideration of volume of the artificial gland implant 

10 and mass transport properties between two separating 
membranes, i.e. implant housing and envelope membrane. 

Although numerous investigations for the above 
approaches have been reported, only limited successes 
has been obtained in animal models. See, for example, 

15 Lum et al . , Prolonged reversal of diabetic state in NOD 
Mice by xenografts of microencapsulated rat islets . 
Diabetes, 40:1511 (1991); and T. Maki et al . , Successful 
treatment of diabetes with the biohvbrid artificial 
pancreas in dogs , Transplantation, 51:43 (1991) . 

20 Similarly, success in humans has also been restricted. 
See, for example, Scharp et al . , Insul in independence 
after islet transplantation into type I diabetic 
patient . Diabetes, 39:515 (1990); and Robertson, 
Pancreas Transplantation in humans with diabetes 

25 mellitus, Diabetes, 40:1085 (1991) . 

A most desirable approach in the treatment of 
Diabetes Mellitus would be through a system utilizing 
viable islets. The alio- or xenografting of islets, 
either intravascularly or extravascularly demonstrated 

30 the most success in terms of longevity. See Maki et 
al., supra; Lum et al., supra; and Lacy et al., 
Maintenance of normoglvcemia in diabetic mice by 
subcutaneous xenografts of encapsulated islets . Science, 
254:1782 (1991) . It was found that extravascular 

35 grafting of microencapsulated islets showed a higher 
success rate in terms of longevity in treating diabetic 
animals than intravascular transplantation. For the 
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intravascular device, blood contact resulted ^ 
thrombosis and fouling of the membrane as reported by 

Reach ' Bioartificial pancreas- St^n. ^ b ottlen^V. 
Intern. J. Art. Organs, 13:329 (1990). However, while 

highly desirable, a true implantable artificial pancreas 

for long-term human application has not yet been 

developed. 

Examples of encapsulation of mammalian cells for 
biohybrid artificial organs are shown by Galletti 
Bioartifiria! Orq anc-, Art . organs, 16:55 (1992) and 
Sefton etal., Microencapsulation nf m 3mma1l - an ^ 
a water- insoluble pol vacrvl at-. K y ^.. fri1 _ ■ , ,„_ mJ 
interracial precip itation, Biotech. Bioeng. XXIX: 1135 
(1987) . The development of large-scale cell culture for 
cell products is taught by Chang, Artificial n»n... 
Years, Art. Organs, 16:8 (1992). The information 
obtained from these investigations stress that the 
encapsulation material should be nontoxic to the cells 
and requires different degree of mechanical strength 
permeability, and biocompatibility, depending on the 
cells to be encapsulated and their applications. 
Historically, alginate-poly (L-Lysine) -alginate complexes 
have been used as encapsulating materials, especially 
for a biohybrid artificial pancreas. This system is 
based on the ionic interaction of polyanion (alginate) 
and polycation [poly (L-lysine) ] to complex around the 
islets, forming an immuno-protective boundary, and still 
permitting diffusion of glucose and insulin as shown by 
Goosen et al . , Optimisation of ^^.^ 
parameters : Semipermeable mi 

(198l) 3 ' fl>iRl P RT1rr ^' Bi0teCi3 ' Bi °-*-< XIV1I:146 

The treatment of diabetes with peritoneal implants 
of encapsulated islets in in_vivo diabetic models has 
been reported by several research groups. See for 

example, Colton et al sunra • p oa ^ 

«u.., supra, Reach, supra, and Warnock 

a1 -' ^^^-^g-^i-Purified islets thai- 




normoalvcemia after implantati on into dogs. Diabetes, 
37:467 (1988). Their accumulated data from human and 
animal experiments have determined that the number of 
islets required to reverse diabetes is up to 5,000 
5 islets/kg. This figure suggests that a 70 kg patient 
will need «350,000 islets to maintain suitable blood 
glucose levels. The volume of encapsulated islets 
(assuming that a mean capsule diameter containing one 
islet is ~500 fim) would be ~18 mL, and have a surface 

10 area of ~2750 cm 2 . Therefore, to be clinically 
applicable, it would be necessary to reduce the volume 
and surface area of a biohybrid artificial pancreas. 

A major consideration for the design of a biohybrid 
artificial pancreas is to prolong cell survival within 

15 the system • In general, peritoneally implanted membrane 
encapsulated cells have a limited life span. This is 
probably due to oxygen deficiency and inactivation of 
the cells by low molecular weight humoral components of 
the immune system, such as interleukin-1 , although the 

20 membrane will isolate the entrapped islets from the 
cellular immune system or high molecular weight 
cytokines. Once cell lysis occurs, foreign proteins 
released from the cells will accelerate the attack of 
cellular immune system. From this perspective, it is 

25 essential that the implanted islets in any form ( intra - 
or extravascular graft, entrapped in housing, hollow 
fiber, or capsule) should be retrievable or replaceable 
with fresh islets after a certain period of time. Thus 
far, the approach to islet implantation (free floating 

3 0 encapsulated cells) in the peritoneal cavity has been 
limited in practical human application in terms of 
recovery or replacement of cells. It would therefore be 
desirable to design a self-contained miniaturized 
implant from which the islets can be replenished after 

35 a certain period of time. Such an approach may also 
allow sampling of the device for evaluating its status 
during treatment, without operating on or sacrificing 
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the animal. Another advantage of a self-contained 
device would be the easy retrieval of islets during an 
emergency . 



20 



35 



5 Objects and Brief Summary of the Invention 

It is an object of the present invention to provide 
a rechargeable extravascularly implantable biohybrid 
artificial pancreas. 

It is also an object of this invention to provide 
10 a biohybrid artificial pancreas comprising an 
implantable refillable immunoprotective membrane pouch 
containing an islet -polymer matrix wherein the polymer 
is soluble below body temperatures and insoluble at or 
above body temperature. 
15 A still further object of- the invention is to 

provide an artificial pancreas having an implantable 
refillable pouch containing an islet -polymer matrix 
wherein the pouch contains means for stimulating the 
insulin secretion function of S- cells of the islets. 

Yet another object of this invention is to provide 
an artificial pancreas which releases bioactive agents 
which regulate interactions between the artificial 
pancreas membrane and cellular components in the body 
and wherein the membrane isolates the islets from 
cellular and humoral components in the body immune 
system. 

These and other objects may be accomplished by a 
system which minimizes the volume of the artificial 
pancreas by not encapsulating each islet as in the past . 
Rather, the islet cells are separated and held within a 
polymeric matrix which is soluble in an aqueous solution 
below body temperature but insoluble in aqueous 
solutions at or above body temperature, i.e. about 37°c. 
The polymer- islet mixture is contained in a pouch having 
entry and exit ports. The solubility makes it possible 
to replace the contents of the pouch by solubilizing the 
matrix simply by lowering the temperature, e.g. by 
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injecting cold saline into the pouch, placing a cold 
pack adjacent the pouch, or by any other suitable means 
which produces localized hypothermia. The pouch is 
constructed of a biocompatible material permeable to 
5 insulin and other substances of similar or lesser 
molecular weight, including oxygen, nutrients and other 
body hormones which may pass in either direction into or 
out of the pouch. However, the pouch is impermeable to 
cellular and humoral components of the body immune 
10 system. Additionally, the islet-polymer matrix can be 
functionalized to stimulate insulin secretion from the 
islets. For example, insulinotropic agents such as 
sulfonylurea, can be grafted onto the thermosensitive 
polymer matrix to increase the efficiency of the system. 
15 Because sulfonylurea is a cell-surface active agent, it 
does not have to be internalized into the islet cells to 
promote insulin secretion. Therefore, sulfonyl urea, 
covalently coupled to the polymer chain, will interact 
with the entrapped islets to enhance insulin release. 
20 The degree to which insulinotropic agents amplifies the 
secretion of insulin may allow a corresponding reduction 
in the pouch volume of the artificial pancreas. 

By use of the term "pouch" or "pouch membrane" is 
meant any biocompatible structure which performs the 
25 function of holding the islet/thermosensitive polymer 
suspension, has the appropriate molecular cutoff, and 
has access means for recharging the pouch interior with 
fresh amount of islet/thermopolymer in liquid form. 
Such structure may be in the form of a hollow fiber, 
30 tube, bag or the like and still be referred to as a 
"pouch" for purposes of the present invention. 

Therefore, in summary, the present invention is 
drawn to an artificial pancreas device comprising a 
pouch membrane of superior design and function requiring 
35 minimal space while affording optimal implant volume. 
The implant, consisting of islets suspended in Lower 
Critical Sensitive Temperature polymers having a LCST 
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low temperatures, form solid 
microspnere/cell matrix particles at body temperature 
can be sampled and/or replaced as desired. The 
susp ensi may also conta . n . siet st . mulat . ng ^ 

and/or other particles which release bioactive agents. 
Brief Description r>f ^ h e Dr.w.n^ 

art.f^ 9 "/ 18 3 Cr ° SS SSCtional view of a rechargeable 
artificial pancreas system implanted in a patient 

Fig- 2 is a cross sectional view of the pouch 
Po^on of the artificial pancreas ta k en along pl an I T 2 

dotted Fi " in 3 es S of n lTT n l " ^ SS9ment in 
parti M ° Wln9 i8letS and ^her 

Particles suspended in a thermosensitive polymer matrix 

i w^! lg ' 4 emb ° diment * s illustrated in Fig' 

1 without the presence of islet stimulants 

Fig. 5 shows an embodiment as illustrated in Fig 
1 wi hout the presence of particles which ^ 
bioactive agents. ease 

Fig. e shows an embodiment as illustrated in Fia 
1 without either i ci nf- g * 

release u.1 ■ t »~l«t. or particles which 

iexease oioactive agents. 

Fig. 7 is a cross sectional view of th* « , 
s h o in Fig . , ^ inustrating ^ lllJ - Z 

Since there is no practical method available to 
folate sufficient islets from a single 
a human recipient it ..will be necessarv to 
harvest and store i=,w necessar y to efficiently 

pancreases * 1S ° lated fr ° m ^mmalian 

pancreases f or transplantation. Recent lv Q 

research groups investigated cryopreservatlon 
method to store and preserve isleZ See f * 
Hullett et- «i o See ' for example, 

" et al " Successful rr 

iia. cerm rr yopreserv^^n 




and transplantation of human fetal pancreas . Diabetes, 
38:448 (1989); and Kneteman et al . , Long-term cryogenic 
storage of purified adult human islets of Lanaerhans , 
Diabetes, 38:386 (1989). These cells maintained 
5 biological activity and are considered to be suitable 
for grafting into diabetic animal models. Thus, islets 
from animal sources can be frozen for long-term storage 
and are suitable for utilization in the hybrid 
artificial pancreas of the present invention. 

10 There is shown in Fig. 1 a complete embodiment of 

the invention consisting of an implantable pouch 10, 
which can be used for the treatment of Insulin Dependent 
Diabetes Mellitus using replaceable polymer- islet 
formulation. The pouch 10 is formed from parallel 

15 membrane walls 11 sealed in a fluid tight relationship 
around the perimeter along line 12 and also along 
generally parallel lines 12a intermittently extending 
from the bottom or top of said pouch structure to form 
an interior reservoir 23 having a continuous but winding 

20 flowpath. The pouch contains an inlet port 31 accessing 
the inlet to said reservoir flowpath and an outlet port 
32 leading from said reservoir flowpath said inlet and 
outlet ports being connected via tubing 13 subcutaneous 
access devices 20 consisting of a needle receptacle 22 

25 covered by a septum 21. The pouch as defined is 
relatively flat as defined by membrane walls 11 however 
the perimeter defined by seal line 12 can be circular or 
of any other desired shape as long as fluid, i.e. liquid 
thermosensitive polymer or cold saline or other 

30 solution, can be moved through said reservoir 23 along 
said reservoir flowpath from said inlet port 31 and out 
through -said outlet port 32. 

The pouch reservoir 23 contains a thermosensitive 
polymeric matrix 14 having entrapped or suspended 

35 therein islets 15 and, optionally, one or more particles 
16, for releasing bioactive agents inhibiting macrophage 
or promoting vascularization. In addition, the polymer 
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may contain or have grafted thereto islet stimulating 
substances 17. In the alternative, separate and apart 
from the thermosensitive polymers in which the islets 
are suspended, islet stimulating substance grafted 
water-soluble polymers or proteins can be entrapped in 
the pouch. 

As illustrated in Fig. l the pouch is inserted 
extravascularly, such as in the peritoneal cavity 40, 
and is secured so that the access device 20 is 
positioned subcutaneous ly in the fat tissue layer 19 
below the skin 18. 

The functionality of the present invention is made 
possible by the physical characteristics of the 
thermosensitive polymer. Some of the advantages 
attributable to the use of a thermosensitive polymeric 
matrix lie in the discovery that such use can (1) reduce 
the implant volume by not encapsulating each islet, (2) 
physically separate islet within a polymeric pouch, (3) 
use an aqueous solvent rather than an organic solvent t 
prepare the polymer-islet system, and (4) make it 
possible to replace the contents of the pouch by 
solubilizing the matrix by lowering temperature. 

The phenomenon of thermally reversible 
precipitation of aqueous polymer solutions or swelling 
transition of the corresponding crosslinked gel is 
documented by Marchetti et al . , Thermodvn^^ 
predictions of volume changes in tftmp gre.ture-aPnBit-^ 
gels. l. Theory, Macromol., 23:1760 (1990). Swelling 
transitions in an aqueous system are based on the lower 
critical solution temperature (LCST) , at which the 
soluble polymer molecules undergo transition from a 
random coil to a globular state, becoming insoluble when 
the temperature is raised above the LCST. This 
phenomenon is attributed to entropically driven 
dehydration of the polymer. This means the major 
interactions in the system switches from hydrogen 
bonding to hydrophobic interaction at the LCST. See Bae 
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et al., Tem peratur e dependence of swell inq of 

rm BS H n ked p ol yfW.N-alkv l substi tuted acrylamide) in 
water, J- Polym. Sci.: Part B: Polym. Phys., 28:923 
(1990) . Thus, the LCST behavior is typically found in 

5 aqueous solutions of hydrophilic/hydrophobic balanced 
water soluble polymers, and is affected by the chemical 
structure of the repeat unit and comonomers used in the 
synthesis. See Bae et al., supra, and also Taylor et 

al. , Pre paration of films ex hibiting a balance 

'10 temperature dependence to permeation by aqueous 

solution-A study of lower co nsolute behavior, J. Polym. 
Sci.: Polym. Chem. Ed., 13:2551 (1975). 

Among synthetic polymers exhibiting temperature 
induced transitions, poly (N-isopropylacrylamide) or 

15 "poly (NiPAAm) " and related copolymers were investigated 
for pharmaceutical applications. In cell culture 
applications, poly (NiPAAm) was coated or grafted on 
polystyrene petri dishes. Cells such as fibroblast and 
hepatocyte were cultured on the coated dishes at 37° C as 

20 shown by Takezawa et al., Cell culture on a thermo- 
responsive polymer surface , Bio/Technology, 8:854 (1990) 
and Yamada et al . , Thermore sponsive polymeric surface; 
control of attachment and detachment of cultured cells, 
Makromol. Chem., Rapid Commun. , 11:571 (1990). 

25 Harvesting of the cells was accomplished by decreasing 
the temperature, rather than using trypsin or 
collagenase digestion. At low temperature, the grafted 
polymer expands and repels the cultured cell with nearly 
a 100% yield of intact cells. This attests to the fact 

30 that the poly (NiPAAm) polymer is nontoxic and has 
adhesive properties to cells in a collapsed state at 
body temperature. In addition, the thermal transition 
or mass transport properties of this synthetic polymer 
to solutes can be modified by incorporating more 

35 hydrophilic or hydrophobic comonomers or charged groups 
into the polymer as shown by Hoffman et al, Thermally 
rpyprsible hvdrogels. II Delivery and selective removal 
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of_ substances from ag neo^ -m„ Mn n > control. Kel 
4:213 (1986); Bae et al . , terno^nsitive nol^. Il 
pn-off switch for drug relea.P, ^ro^noj . chen,., Kapid 
Conanun., 8:481 (1987) and Beltran et al., Swelling 
5 ^ illb "« ^ weakly ioni rable^temoeratn,.-^^.,^ 
hydroqels, Macromol., 24:549 (1991). 

From the above discussion it is evident that two of 
the more critical aspects of the present invention are 
« the pouch membrane and in the thermally sensitive 
polymer. The pouch membrane n can be made of any 
tissue compatible, immuno-protective semi-porous 
membrane material having a molecular cutoff size of 
between about 10,000 and 100,000 daltons and preferably 
_ between about 20,000 to 60,000 daltons. The membrane 
> can be a single layer film, a composite, a coated layer 
or a laminated material. 

Cellulose derivatives are particularly useful for 
molecular cutoff purposes. For example, one may choose 
an appropriate cellulose material selected from the 
group consisting of cellulose, cellulose hydrate 
ce u ose acetate, cellulose esters, cellulose ethers 
cellulose ester-ethers, cellulose acrylate. cellulos" 
diacrylate, cellulose triacrvl „t-« v, ^ 
cellulose and mixtures ZTZ'^^T** 

cutofr P ;; y os a es so :rr thetic me " ranes for ™^ 

Exemm^ P ° rOUS su PP° r «"9 membranes. 

Exemplary are membranes selected from the group 

coping of poly<acrylonitrile-co- vinyl chlorLeT 
polysulfone, poly (vinylidene fluoride,, ethylene 
-nylacetate, polyethylene, polypropylene, polycarbonate 
and polytetrafluoroethylene. 

A particularly preferred membrane is a top coated 
porous h sealable membrane a P coated 

-ce of pcly<vinylidene fluoride), ethylene 
vmylacetate, poly (acrylonitronitrile-co-vinyl chlorLe 
or polypropylene having a membrane porosity of about 10- 
9S. and preferably of and be covered with a thin 



• 13 # 

*~ of cellulose or cellulose acetate 
cop coating made of cell otoff and 

possessing the desl ^ ^ be 

biocompatibility. coat mg, solvent casting. 

liquxd-solxd tranSltl Qf between ab out 0* and 

solution temperature "LCST ) 

fixtures of such monomers pdymerizable by free radical 
:™ initiation „hich ^ ^^^Z 

l5 rrr:^ s :^i -titutea a^ or 

methacrylamides of the formula: 



R 1 

/ 

20 CH 2 =CR-CON^ 

R 2 



25 



30 
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,.«-wiri p 1 is a member selected 
where R is hydrogen or methyl. R a 
from the group consisting of lower alkyl and lower 
alkoxyal ky! and *> is a member selected from the group 
consisting of hydrogen, lower alkyl and lower 
consisting combine 
alkoxyalkyl with the proviso that R and R 
as an alkylene -<«,).- chain to form a N-cyclic 
structure where n is an integer of 4 to 6 . n is 
preferably 5. By lower alkyl or alkoxy is meant a 
straight L branched carbon chain containing from one to 
eight carbon atoms and preferably from one to five 
carbon atoms. Mixtures of one or more of the above 
corners may also be utilized as temperature sensitive 

"mplary of such temperature sensitive monomers 
are those selected from the group consisting of »- 
isopropylacrylamide ["NiPAAm"] , N.H-diethylacrylamrde. 
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14 

ethyl.ethacryla.ide, N-n-p r0 p ylacrylamide J 

N-O'-methoxypropyDacrylamide. The , * 

temperature sensitive m Preferred 
. . sen sitive monomers are the lower alkv] 
acrylamides which are selected from th. Y 
nf „ • ccea rrom th e group consistina 

of N-isopropylacrylamide, N N-di^w. \ 
N-n-pro P yl a cryl amide . * eth *»«yl»*de and 

:L;:rr::n h ; r ;:: r ophilic - h -~ : 
s ::rr ic or char9ed — ^ - ^ LC ; e 

Some charged monomers may also n» • . 

lower the LCST i^i h th ^osen S1 tive polymers to 

i-'ie ijt,i>T include any wat-<=>v n 
which are codoI™ ■ "soluble monomers 

are copolymenzable with thp 
monomer components Suitable thermosensitive 

ts. Suitable monomers have the formula: 



30 



B 1 d 1 

25 \ / 

C=C 

/ \ 
B d 2 

wherein B 1 and B 2 are members selected f 
consists of hydrogen, halo, ^T^T ^ 
ie a member selected fro L ,7 * *** * lkyl ' 

hydrogen, lower alkvl 1 , ^ C ° nsist -g of 

a member selected fro! t^ ^ ^ M * is 
al k yl carboxylle TZ c ^ ° f • W 

-so be pother ^T^^^^ " « 

y Particular, and D 2 is 
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a member selected from the group consisting of a lower 
alkyl carboxylate, phenyl and cyano. 

Exemplary of such monomers are lower alkyl 
acrylates or methacrylates, 1,3-diene monomers, a-methyl 
styrene, halogenated olefins, vinyl esters, 
acrylonitrile, methacrylonitrile, N-vinyl carbazole and 
the like. Preferred are alkyl acrylates and 

methacrylates having the following formula: 
CH 2 =CR M -COOR 3 

wherein R- is hydrogen or methyl and R 3 is a lower alkyl 
having from 1 to 8 carbon atoms and styrene, a-methyl 
styrene, acrylonitrile and methacrylonitrile. 
Particularly preferred are the lower alkyl esters of 
acrylic acid and methacrylic acid such as methyl, ethyl, 
propyl, isopropyl, butyl and amyl acrylate and 
methacrylate and styrene. 

The hydrophobic component comprises between about 
0.5 to 30% by weight and preferably between about 1 to 
20% by weight of the thermosensitive polymer. 

Charged or hydrophilic monomer units which may be 
pH sensitive as well as raise the LCST of the 
thermosensitive polymers may also be incorporated into 
the polymer chain. Suitable charged or hydrophilic 
monomer units may be selected from the group consisting 
of N,N-dimethylaminoethylacrylate, N,N- 
diethylaminoethylacrylate, N,N- 
dimethylaminopropylacrylate, N,N- 
diethylaminopropylacrylate, N,N- 

dimethylaminoethylmethacrylate, N,N-diethylaminoethyl- 
methacrylate , n, N-dimethylaminopropylmethacrylate , 
N , N-diethyl -aminopropylmethacrylate , N, N- 
dimethylaminoethylacrylamide , 
N,N-diethylaminoethylacrylamide, N,N- 
dimethylaminopropylacrylamide , N , N- 

diethylaminopropylacrylamide, N,N-dimethylaminoethyl- 
methacrylamide , N, N-diethylaminoethylmethacrylamide , 
N, N-dimethylaminopropylmethacrylamide , N, N- 
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diethylaminopropyl-^thacrylamide, acrylic acid 
"thacrylic acid, N-vinyl pyrrolidone/ acrylamidS/ 
methacrylamide, N-methylacrylamide 
N N-di.ethylacryla.ide, N-ethylacyianude, 2-hydroxy 
ethyl methacrylate, hydroxy propyl.ethacrylate 

zssr* 1 methacryiate and — ^ 

In addition to the ahnvp 

desired LOST and any hydrophilic/hydrophobic block or 
graft copolymers which have a desired LCST or sol \ el 

:r Tzrrzr be ucili ~ d — 

Particular chemical structure. Rather lt 

f pcjrtxes that controls its utility 

example, insulinotropic aqents 
sulfonylurea, can be grafced ~- such as 

Poller matrix or into other water- o ubTe T^"" 
Proteins to increase the effilf P^ers or 

»Mle s u l £ onyl U rea is spec^^^ ^ 
invention is not to be limited t „ exera Pllf led, the 

»nrch stimulates i^J^^T T^" 
chemicals which stimulate insult secretin " 
or enhance the stimulatory effects of , 1SlStS 
insulin secretaires on'insuHn s o n::: ^ 
mcluded. Sulfonylurea. or any ot h 

stimulating chemical, grafted onto the the" ^ 
-CST polymers or other water l^ ZZ^* 
n-acromolecules are included within tie " 
invention. the sc °P e °t this 
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17 _ 
Sulfonylurea derivatives are currently used to 
treat non-insulin dependent Type II Diabetes- Their 
ability to stimulate insulin secretion and to enhance 
ability t _ ff „t. of glucose and other insulin 

the stimulatory effects oi giu „,.»,, hv 

on insulin secretions are documented by 
secretaires on ^^^^ s ^ JSS£sii3a M^ 
^ubatieres et al.. ~ „, g lucose 

r . ,f„ gg r! r," - panrareas; Synerqistic 

^I^uif^amiaesT Diabetolosxa. 6 457 

ll9/0 '' . „ 1eaBe vttt. Combined 
g^_gluco^nd iirn^ i^lm release , 

S£li^ (i99l) • 

^-^7T S reported by Boyd XXI 

^!77I^T1^^^ ^aho^te-regul ^d 
,, D _ 0 ^tive K- cMnnelOlLhnTnnn rnnrr^ir islet ce lls,. 
Diabetes, 38:422 (1989) sulfonylureas react wxth a cell 
surface APT-sensitive IC channels causing membrane 
depolarization in an influx of C» through voltage 
sensitive Ca- channels. The rise in the intracellular 
free Ca a * levels then triggers the exocytosis of xnsulxn. 

Since the sulfonylurea molecule is most lxkely a 
cell-surface active drug, it does not have to be 
internalized into the islets to promote to xnsulxn 
secretion. Therefore, sulfonylurea covalently coupled 
to the thermosensitive polymer chain will interact wxth 
the entrapped islets to enhance insulin release. If a 
certain degree of the amplification of insulin secretxon 
is obtained, there will be an increasing abilxty to 
reduce implant volume. This concept can also be 
expanded to other functional polymers which are able to 
regulate cell functions, such as cell growth, 
proliferation and secretion. 

Therefore, thermosensitive polymers grafted wxth 
iB let stimulants, such as sulfonylurea and its 
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derivative,. form an embodiment of the invencion 
is illustrated in Flg . s as will ^ aiscussed 

Additionally, the thermopositive polymer matrix 
_ may contain microparticles which release bioactive 
> agents which either promote vascularity at the pouch 
outer surface or inhibit macrophage activity. Polymeric 
m-roparticles ranging in size of between about 0 ! Z 
to 1000 „m and preferably between about 200 „m to 500 
/■m, such as ethylene vinylacetate. polyactide 
polyglycolide, poly Uactide/glycolide) . polymethacryiic 
add. albumin and alginate and the like. These 
particles can contain and release bioactive agents i e 
nicotinamide; anti-inflammatory agents such '„ 
dexamethasone, indomethacin and ketoprophen- 
immunosuppressants such as corticosterLs ' 

FK° SIT™:: CyC , l0Ph0Sphamide ' ^^corticosteroids,' 
FK-506, methoxsalen and thalidomide,- and angiogenic 
factors such as acidic fibroblast growth factor Ls c 

goIt°h fit" 0 "" M9i ° 9enin ' — 

growth factor a. transforming growth factor £ and 

hepann-binding growth factor- I 

devidlo'mav'K 13 "T™*** » "^ the access 

device 20 may be made of any suitable inert flexible 
ma anal such as polyethylene, polypropyiene, silicone 
polyurethane, plasties polyvinyl chloride and t^e 

agentr^r 1 ^^ 5 ' ^ °^ Pmlc1 "' 

agents, or additives 16, and polymers grafted with 

insulin stimulating molecules 17 . will be suspended „ 
the selected thermosensitive polymer or copolymer at a 
temperature below the L CST as a liquld suspensiTn This 
suspense „ m be injected ^ ^ des f gn 

and the polymer i« win co llapse surrounding and 
protecting the islets « and other particles 1S an d 17 
as hereinafter described, as the temperature is "ised 

l jt<t- r T - Decreasin3 the te - p — "^ 

pouch ,by inducing localized hypothermia such as by 




# 

• t . „, ice packs placed next to the pouch or by 
apPl1 ; old to or -y other suitable solution 
r rpolh wm soluble the corpse* matrix for 
easy rental. This procedure is illustrated ,n Pxg. 1. 
coll saline soXution 25 in a syringe 28 xs pushed ^y 
pl ston 2 9 through needle 27 inserted rnto septum 21 and 
needle insertion space 22 through tubrng 13 rnto the 
Inlet port 31 of pouch reservoir 23. The cold 
entering reservoir 23 lowers the temperature of the 
elting polymer matrix 2S below the LOST causing it to 
liguify. A companion syringe 28a. having piston 29a x. 
P uUed upward drawing liguified poller solutior , 26 up 
through outlet port 32 via tubing 13 into a needle 27a 
inserted into needle insertion space 22 through sep urn 
" and into the barrel of the. syringe 2Ba. when the 
pouch reservoir 23 is filled with cold saline as 
indicated by the presence of saline in the barrel of 
syringe 28a the reservoir can be filled with fre h 
polymeric solution by repeating the procedure using cold 
poller solution in syringe 2B. In the alterna tive 
instead of using cold , saline, cold fresh po ymer 
solution could be used to lower the temperature of the 
expended polymer and li^ify it for removal. By using 
a pouch of known volume the exchange of polymer m 
solution form can be measured and a recharge volume can 
be readily determined. It is apparent that there are 
various ways of producing localized hypothernua in the 
pouch area and recharging the polymer reservoir without 
^ _,^;r.onv which is a 



having to remove the pouch surgically which 
definite advantage not heretofore found in any prior art 
device for an artificial endocrine gland. 

Various embodiments of the invention containing a 
polymeric matrix 14 and entrapped islets 15 are 
illustrated in Figs. 1 through 6 and wall now be 

described in detail. 

Figs 1-3 show an embodiment wherein pouch 10 is 
filled with a polymer matrix 14 having suspended or 



e»trapp~ t , ;srein 2 ° W 

Reactive agents which lnhibu P^lcles releasing 
vascularization 1( and „ ' "-"'Phage or promote 
"relating molecules . *~™ "avi ng 

insulin 

5 tureen. - g - sulfonylurea) grafted 

Pouch 10 is fabricated bv . , • 
membranes 11 by means y seal "3 together two 

°r any other means to form ^ 
reservoir „. The pouch /°™ * P-cn lo having . 

10 «- also may be sealed along alt * ^ PSrimet - 

P-ially extend from top to ^ 
P-allal to each other acr os s t h °* "» P ° Uch 

Action as spacers and cr t **** di " et « to 
Obviously, the sealing across the ""^ 
5 Parallel lines or any other L a b * b V non 

-cranes are held i„ close Xi" T " ^ ^ 
expand or balloon and al30 provt e a ^ S ° aS to 
^owrng uniform „ ou P ^ a uous 

contents are replaced. The „°* the ^ "hen the 
™lume of islets ,e. g , 5000/ TZ U S " ed to hold , 
« a thermosensitive polyTe r ma ! " " ei9ht) e «~PPea 
• tabetic condition Tb^ l to treat 

dimensions and geometr^ ^ ^ «* suitable 
Swings is iUustrative 'only ! f P ° UCh ^ " the 
■ aUU « ^cutaneous periton f ^ « lbo <"~nt of , 
The SPAD may have a sep P ;; -«ss device (SPflc) . 

» 'he f i3ur e s or may have a s ! ^ ""^ " ^ 
f « ^th f illing an y d re V : o : al S1 "f^ -«ss opening US e d 

"Plant. Therefore, any pouch ° P ° UCh *—«olr 

'« holding the LCST ZC^l? 9 " ^ * reservoir 
Actions in the manner 1 £ ^/ U ~- ^ 
«gardless of specific geometer d " ""^ 

dimensions. 3 metry or design, geometry or 

As previously stated h, 
membrane" is meant ^* t,r " "«*«»*■ or .. pouch 

structure which performs the fun" ■ ^ 

itive poller - 
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has the appropriate molecular cutoff and has access 
means for recharging the pouch interior with fresh 
amount of islet /thermosensitive polymer in liquid form. 
Any such structure having an interior reservoir may be 
used regardless of name or specific form, i.e. packets, 
hollow fibers, tubes, bags, sacks, purses, pouches or 
the like are collectively referred to as a "pouch" for 
purposes of the present invention. Preferably, the 
design and geometry will be that which will allow the 
minimal pouch volume to produce the maximum results 
relative to insulin release. A flat pouch as 
illustrated in the figures may have a side diameter of 
between about 2 to 15 cm with a diameter of between 
about 4 to 7 cm being preferable. As shown in the 
examples which follow, a flat pouch having a diameter of 
4 cm, with five intermittent sealings of 1 mm producing 
a winding reservoir pathway of about 6 mm in width would 
have a volume of about 1 ml . 

The islets are isolated from each other by being 
suspended in the polymer matrix and therefore do not 
aggregate. This minimizes resistance to mass transport 
of the insulin secreted by the cells. The pouch 10 is 
accessed via inlet and outlet ports 31 and 32 
respectively connected via tubing 13 to a subcutaneous 
peritoneal access device 20 consisting of a space for 
needle insertion 22 covered by a septum 21. 

Fig. 2 illustrates the device in top cross section 
taken along the plane 2-2 of Fig. 1. As can be seen, 
the pouch is thin allowing for the membranes 11 to have 
a suitably large membrane surface area. Fig. 3 is an 
enlargement of the dotted box of Fig. 2 showing the 
suspension of entrapment of islets 15, bioactive 
particles 16 and insulin stimulating molecules grafted 
to polymers 17 suspended in the polymer matrix 14 . The 
walls of membrane 11 are sufficiently porous that 
insulin and bioactive materials released from the matrix 
14 can pass through the membrane walls and into the 
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surrounding environment where, in the case of i nsulin 
« « prcked up or transported via the circuit 
~ and, in the case o f other MoactiT e tT 
either promotes the vascularity of the pouch ^ 
inhibits macrophage. The insulin stimulating moieties 
interact with the islets to promote the product o„ an! 
release of insulin and therefore P f aUCCl ° n and 

Pouch volume than might 

membrane walls hav^ a •, «*»sary. The 

Cio^g rL^rx-r ™ iJ 

aUowing nutrients, ions, oxygen and ther ma^ St' ' 

Polymeric ^ ^ ^ T — 

indicated above by loweril th f " "" anner 

y cowering the temperature n€ *-v> 
polymeric matrix below the LCST, by any suitall 
and replacing n, , . . y suita ble means, 

replacing the l lgU id polymer solu ' 

Poller solution containing islets and ^ *" 8h 
ingredients as desired. ° ther 

Fig. 4 shows an embodiment which diffw* * 
1-3 only in that- m,. n differs from Figs 

-LY in that the polymeric matrix 14 containe i 
entrapped islets 15 and particles conrl ° 
agents i 6 In ot . h rClc -Les containing bioactive 

-lecules gra/ted to tLTh ' ^ ^ 

are not present "^sensitive Polymer network 
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Fig. 5 differs from Fias i ■» -u ^ 
matrix 14 contain. . at the P ol ymeric 

^^J^Cl^z not contain p — 

-ent F I!n ^ZTT^ * 

entrapped in ^> 10 , Presence of islets 15 

PPect xn the polymeric matrix 14 contain^ • 

reservoir 23 . contained m 

Obviously, any combination of the 
illustrated may be utiii.ed ' " bod "««=- 

' A Polymeric matrix 




containing only islets may be replaced by a matrix 
containing insulin stimulating molecules, etc. Thxs 
allows the practitioner to vary the treatment according 
to the needs of the patient. 
5 The following examples are illustrative of a 

preferred embodiment of the invention. 

revam ple 1 
P r- Ppa ^ a tic- ^ *n LCST Polymer 
10 N -isopropylacrylamide (NiPAAm) was polymerized 

using tert-butyl peroxyoctanoate (BPO) as an initiator. 
NiPAAm (3g) was dissolved in 3 ml of distilled 14- 
dioxane, followed by the addition of 9 ,1 of BPO. The 
solution was bubbled with dried nitrogen gas for 20 
15 minutes. The solution was then polymerized at 80°C xn 
a constant temperature oven for 12 hours. The resulting 
polymer was precipitated in an excess amount of hexane, 
filtered and dries. The lower critical solution 
temperature (LCST) of the polymer was about 32°C. 

20 

Rxam ple 2 

n^-f^nn of S "H^nvlurea onto Polymers 
Sulfonylurea was coupled to vinyl monomers through 
covalent bonding and copolymerized with NiPAAm. 
25 Methacryloyl chloride (0.105 mole), cooled to 10°C, was 
added to a solution [130 ml of water/acetone mixture 
(l/l v/v) containing 0.1 mole of NaOH and 0.1 mole of N- 
4- (aminobenzylsulfonyl) -N-butylurea] (a sulfonylurea: 
carbutamide) under stirring. The precipitate was 
30 filtered, washed with distilled water, dried in vacuum 
and recrystallized from acetonitrile. This monomer, 
containing a sulfonyl urea substituent, was 
copolymerized with NiPAAm using the method as in Example 
1. The content of the monomer having sulfonyl urea 
35 substituents in the copolymer was about 10%. 
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Cellulose acetate (39% acetyl content) ™ * 
dissolved in rri^-; . content) powder was 

u-Lvea m glacial acetic acid (9 w/vM 
"■rough a o.« m fllter roeI J ne f 
— *».. D ura P ore® 1 PO ly ,v inylidene - flu ;^ e) SUb 0 St i rate 

y applying vacuum from ben^t-h <-u 
chuck. The cellulose acefcate sol b u e t 7 ath thS 

the SPinning membrane 0 *r " r was dr ° pped - 

outwardly by c^trif^' 0 ^ ^ 

penetration into the i T ^ degree of 

into the irregular membrane r>or^ 

applications of cellule P°res. Two 

or cellulose acetate coating result-^ • 

homogeneous coverina of t-v, resulted in a 

T r complete dry - - 

Placed in 0.1 N Na0H for 9 ' &d memb rane was . 

-generate. the c * s < ^ - ^o ly2e an d to 
thickness „ as about a™ The " ««1tl»g coating 

membrane „ as ab : ut ~ 00 «^ «** - 
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Examp Tp a 
The permeability of the r-o^ 

»«.po». co mPO s it e membr ; n h ; ;;rr ted 

differing molecular ueo^. ^ proteins of 

experiments were carried out in 8 n l J- Permeabilit y 

« 37- C The donor ;: u 8 \ 
Particular .acromolecuie solution al d the " lth 
" M Plain buffer. The Tt£i " 

*°"owe d by monitoring in ^^ 1OTPr -— 

concentration in the receiver cell. P=rn,eant 

The proteins studie d ( and ' fh= - 
detection) include k • r me thod of 

P—n assa y at ^ ^ " <™" 

™. 0-an Ig0 (1 .g/ml-r^ciabene, sl """^ 
aprotinin (leo ^ 
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Louis. MO) , and „-lactalbun,in (1 «/-l-FITC labelled. 

Sigma St. Louis, MO). 

The "C-insulin concentration was determined as a 
0 05% solution in scintillation cocktail (BioSafe II, 
Research Products International, Mt. Prospect, ID and 
measured on a Beckman 1801 Liquid Scintillation Counter 
(Beckman Instrument, Inc. Fullerton, CA) . FTIC labelled 
proteins were determined with a fluorometer at an 
excitation wavelength of 485 nm and an emission 
wavelength of 515 nm. 

The results are given in Table 1 as follows: 

TABLE 1 



Solute (Mol. Wt) 



Permeability (cm 2 /sec) 



Durapore" 



Regenerated Cellulose- 
Durapore® 



Glucose (180) 



Insulin (6.6K) 



3.93 xlO' 7 



1.07 xlQ-o 
5.17 xlO' 8 



Aproti nin (6.5K) 
q-La ctalbumin(14.2K) 
BSA (67K) 



1.93 xlO" 7 



IgG (Human) (150K) 



1.13 xlO' 7 



1.22 xlO* 8 
2.53 xlO" 9 
NT»> 



NT") 



(1) NT = Not detectable with Coomassie Protein Assay Reagent (Pierce 
Chemical Company) which has a sensitivity to 1.0 ug/mL of BSA. 



Kyam ple 5 
Ponch Fabrication 
An aluminum die for heat sealing was tooled 
according to the pouch design illustrated in the 
Figures . Heat sealing of the membranes was obtained by 
pressing the membrane of Example 3 at 100 psi at 188°C 
for at least 6 seconds. The pouch has a side diameter 
of 4 cm and contained 5 intermittent sealings of 1 .mm 
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inrir: ^x* windii,g — — «- inlet 

ec Providing a reservoir havinr-r = 

were to ^ ^«-P»* 

dye SolutlOT "as ««d to examine the £lo „ Datf 
assure fluid-tight sealing. P and 



Examp le s 

Porcine islets O y ins\ 

RPMI-1640 culture mil suspended in 2 ml of 

culture medium supplemented with in* v, «. 

inactivated f^t-ai 1Ln 10 * heat 

ated fetal calf serum, 5 . 5 mM glucose / , 

gentamicin and 2 w/v% of - - 50 m 9/ ml 
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liqUid form,' l?^:- 1 - - pension, in 

were closed. outlet ports 

The filled p 0 u ch Kas imterssd 

medium which did not contain the sulfon vl * 
Po 1 y<NiP Mm) LCST pol ^ er Md -"^1 -ea grafted 

to 37 ;? n a r dified w~ - - z::: r ed 

The insulin release rate f r ™ fk 

was at about 2-3 ItI insulin/h **" POUeh lnt ° the 
^ucose challenge and abo" 1 ™ 
<50mg/dl glucose concentration , ""^ ~ leaSe 

While the above shows » 
embodiment of the inv^ " ^ P«*«red 

m scope by the c i 3imo . S llmit ed only 

f tne claims and functional ■ 

thereof. functional equivalents 
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CLAIMS 

! a refillable biohybrid artificial pancreas 
• .r. Mtravascularly implantable semi-permeable 

— e ~zttzrzzri 

- means 

Taid rese"rcontainin g a thermosensitive polymery 
ma 1 having entrapped therein pancreatic islets sard 
Ther^sensitL polymer having an «*T of between ^about 
n. and 40-C and said semi-permeable membrane havrng a 
Lie":: cutoff of between about 10,000 and 100 CO 
aaltons so as to allow passage of msuli fro* sard 
poU ch and promote metabolic functronrng of the islets by 
allowing, nutrients, ions, oxygen and other ^"rals 
I low the molecular cutoff to enter into the pouch 
wnill at the same time, prohibit bacteria, lymphocytes, 
and large proteins from entering into the pouch. 

2 an artificial pancreas as defined in Claim 1 
wherein the islets entrapped in said 

polymeric matrix are generally isolated from each ^other 
hereby minimizing aggregation and resistance to mass 
transport of the insulin when secreted by sard rslets. 

3 An artificial pancreas as defined in Claim 2 
wherein said pouch reservoir also contains an 
Lulinotropic agent to stimulate insulin secretin from 
said entrapped islets. 

4 An artificial pancreas as defined in Claim 3 
wherein said insulinotropic agent is ^ -Ifonylurea 
derivative grafted onto the thermosensrtrve polymer 
matrix or onto other water soluble polymers or 
macromolecules which may be present in sard pouch. 

5 An artificial pancreas as defined in Claim 2 
wherein said pouch reservoir also contains one or more 
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polymeric microparticles which rel^e w 

ou ter surfaoe or inhibit macroph - a ^ iv Pouc h 

between about o.i to 1000„ m . Pa " 1CleS " n 9 e « -i«e 

7. An artificial pancreas *„ ^ *• 
0 wherein sa id .icropartides rel ease ^ ^ 6 
vascularization at the pouch membrane 

8- An artificial pancreas 

wherein sai d .icroparticL re JJ an ^ ^ 6 

; macrophage activity. agent inh i*>iting 

9- An artificial pancreas *o a * ■ 

said thennosensLve p : i ; S e ;t n : d d in f Claim 2 
polymerization of at least on * £r0m the 

»«UP consisting ot T^" *™ «» 

».N- diethylacrylam . d N /;;; v ™ aoryiami ^. 

N-meth y l m ethacryl amid e, N . ethy , ^^"idine. 
Prop y lacr y l am ide and „. (3 , " ^"-"Vl-id.. „- a - 

13 " meChoxv Prop y l)acr y lamide. 

10- An artificial pancreas as define • 
—in said monomer is N -iso P ro Pyl S ac;i a rde M ^ 9 

-erein'safd Z^L^ iTTcZ T ^ * ^ 2 
iron, . material select £rom e J^ 10Se derivative made 

cellulose, cell u l ose h y™ e T, C ° nSiS « n 9 <* 
cellulose esters, ceUulo^ e ^J" " 
ethers. cellulose a cryl at e 7/ C?11Ulose e «er- 
cellulose triacrylate an d IT ^crylate. 
cellulose. hydroxypropyl methy i 



# • 

12 An artificial pancreas as defined in Claim 2 
serein' said membrane is a synthetic poller ^™ 
a material selected from the group consisting 
U7i crylonitrile-co-viny! chloride, , polysu on . 
Ly ( vinylidene fluoride,. ethylene vinylacetate 
Ethylene. polypropylene. polycarbonate and 
polytetraf luoroethylene . 

13 An artificial pancreas as defined in Claim 12 
wherein' said membrane is a bilaminate comprising said 
synthetic polymer having a porosity of between about !0 
^ 95* covered by a thin layer top coating of 
cellulose derivative. 

14 An artificial pancreas according to Claim 2 
wherein' said port means comprises inlet and exit ports 
and wherein said subcutaneous access means comprises 
subcutaneous inlet and exit devices with said inlet and 
exit ports being connected to said subcutaneous inlet 
and exit access devices respectively. 

15 An artificial pancreas as defined in Claim 14 
wherein said pouch is relatively flat and comprises 
opposing generally parallel semi -permeable membrane 
walls sealed in fluid tight relationship around the 
perimeter thereof, said opposing membrane walls further 
being sealed to each other along generally parallel 
lines intermittently extending from the bottom and top 
of said pouch structure thereby forming an interior 
reservoir having a generally winding continuous f lowpath 
and wherein said inlet and exit access ports accessing 
said reservoir are on opposing ends of said reservoir 
f lowpath. 

16 An artificial pancreas as defined in Claim 15 
wherein said inlet and outlet ports of said pouch 
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interconnect said subcutaneous inlet and outlet access 
devices by tubing means. 

17. An artificial pancreas as defined in claim 15 
wherein said pouch membrane has a molecular cutoff of 
between about 20,000 and 60,000 daltons. 

18. An artificial pancreas as defined in Claim 15 
whe rein sai d relatively flat pouch has a diameter 
between about 2 to 15 centimeters. 

19. An artificial pancreas as defined in Claim 18 

wherein said relatively flat pouch has a - 

, J p^uua nas a diameter of 

between about 4 to 7 centimeters. 

20 A method of recharging an artificial pancreas 
comprising an extravascular ly implantable semi -permease 
biocompatible membrane pouch having port means connected 

eternal reservoir accessible through said port means 
~id reservoir containing a thermosensitive poly!! 
«tr« having entrapped therein pancreatic islets sa d 

and c and said semi -permeable membrane having a 

: o ai: u oni ™z:: bet r — — - -.: 0 : 

whrch comprises the steps: 

(a) lowering the temperature of said 
resident polymeric matrix in said reservoir to 
the point that said resident matrix changes 
phases from a solid to a liquid, 

(b) withdrawing from said reservoir, via said 
port means of said pouch and said subcutaneous 
access means, said resident polymeric matrix which 
has been phase changed from solid to liquid 

(c) injecting into said reservoir, vi'a said 

Lcess mea "m S °' ^ Cutaneous 

access means, a fre^h i ■; -j 

iresn liquid phase of 
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access means, a fresh liquid phase of 
thermosensitive polymeric matrix having entrapped 
therein islets maintained below the LCST of said 
thermosensitive polymer matrix ; and 

(d) raising the temperature of the polymeric 
matrix injected into said reservoir above the LCST 
causing said polymeric matrix to solidify. 

21. A method as defined in Claim 20 wherein said 
pouch contains a single -port means and subcutaneous 
access means for withdrawing and introducing 
thermosensitive polymer matrix in liquid phase. 

22. A method as defined in. Claim 21 wherein the 
temperature of said resident polymeric matrix in said 
reservoir is lowered to the point that said resident 
matrix changes phases from a solid to a liquid by means 
of injecting into said reservoir, via said subcutaneous 
access means and port means of said pouch, a phase 
change solution having a temperature below the LCST of 
the resident thermosensitive polymer matrix. 

23. A method as defined in Claim 22 wherein said 
phase change solution is an aqueous solution and wherein 
said phase change solution and resident thermosensitive 
polymeric matrix in liquid phase are simultaneously 
withdrawn. 

24. A method as defined in Claim 23 wherein said 
aqueous solution is a saline solution. 

25. A method as defined in Claim 20 wherein said 
pouch contains a separate port means and subcutaneous 
access means for introducing and withdrawing 
thermosensitive polymer matrix in liquid phase such that 
said port means comprises inlet and exit ports and said 
subcutaneous access means comprises subcutaneous inlet 
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and exit devices with said inlet and exit ports being 
connected to said subcutaneous inlet and exit access 
devices respectively. 

26. A method as defined in Claim 25 wherein the 
temperature of said resident polymeric matrix in said 
reservoir is lowered to the point that said resident 
matrix changes phases from a solid to a liquid by means 
a phase change solution having a temperature below the 
LCST of the resident thermosensitive polymer matrix. 

27. A method as defined in Claim 26 which 
comprises the steps: 

(a) injecting into said reservoir via 
said inlet device of said subcutaneous access 
means and inlet port of said port means of 
said pouch said phase change solution having 
a temperature below the LCST of the resident 
thermosensitive polymer matrix thereby 
lowering the temperature of said resident 
polymeric matrix to the point that said resi 
dent matrix changes phases from a solid to a 
liquid, 

(b) continuously injecting into said reservoir 
said phase change solution maintained below the 
LCST of said thermosensitive polymer matrix as in 
step (a) while simultaneously withdrawing from said 
reservoir, via said outlet port of said port means 
and said outlet device of said subcutaneous access 
means, said resident polymeric matrix which has 
been phase changed from solid to liquid and 
continuing said injection of phase change solution 
and withdrawal of liquid polymeric matrix until 
said resident polymeric matrix has been withdrawn, 
(c) following the procedure of step (b) 
continuously injecting into said reservoir a fresh 
liquid phase of thermosensitive polymeric matrix 
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having entrapped therein islets maintained below 
the LCST of said thermosensitive polymer matrix 
while simultaneously withdrawing from said 
reservoir, said phase change solution and 
continuing said injection of fresh thermosensitive 
polymeric matrix and withdrawal of phase change 
solution until said phase change solution has been 

withdrawn; and 

(d) raising the temperature of the polymeric 
matrix injected into said reservoir above the LCST 
causing said polymeric matrix to solidify. 

28. A method as defined in Claims 27 wherein said 
phase change solution is an aqueous solution. 

29. A method as defined in Claim 28 wherein said 
aqueous solution is a saline solution. 
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